INTRODUCTION M
ERCURY (Hg) in trace amounts is a natural environmental component (Jonasson and Boyle, 1971) , but the elevated levels sometimes associated with industrial or agricultural usage have proven toxic to a variety of life forms. including humans . Both the occurrence and deleterious effects · of mercury have been well-documented and are summarized in various reviews (e.g ., Friberg and Vostol, 1971; Nelson eta/., 1971; Wallace eta/., 1971 ; and Lambou, 1972) . · Organic mercury, particularly some alkyl , has been of especial environmental to animals because it is virtually is readily absorbed from the gasnat tract, and can be quite toxic Article No. A2165 Contribution No. Maryland Agricul(ural Experiment Station. Pout.Tl!Y SnENCE 55: 1449 -1459 . 1976 <Borg eta/ .. 1969 Lofroth , 1969: and Nelson eta/., 1971) . Inorganic mercurials are usually less hazardous than organic forms, but since they can be microbially methylated in aquatic medium (Jensen and Jernelov. 1969 ; and Tonomura et al .• 1972) the eventual hazards are similar. Thus , organic mercury has been widely studied as an environmental pollutant while inorganic mercury has received less attention. Only a few studies of inorgank mercury have been reported for birds . third week deaths by more than 2-fold) among all groups. including controls . Although there are normally two peaks of embryonic mortality during incubation. the late peak is wellknown to he most pronounced . Dieter ( 1974) kd 2 to X p .p.m. of mcn:uri<.: ..:hloridc to adult male Japanese quail for 12 weeks and reported decreased hemoglobin co nce ntration and cholinesterase activity . but increased lactate dehydrogenase activity. Another series of experiments with mercuric chloride used drinking water as the vehicle for e xpo - Each bird was weighed at 2-week intervals until 8 weeks of age . then monthly . Egg production was recorded daily . Egg shell thickness was determined for the first egg from each group and for one randomly selected egg from each group at 10-day intervals thereafter (air-dried egg shells, includinJ! membranes, were measured at the equator with a micrometer graduated in units of 10 f.L.) . Eggs from three 10-day collections (starting at 54. 74, and 124 days) were incubated to check fertility, embryonic development, hatchability , and chick survival. Gross necropsy was periodically performed on several birds from each treatment. at 125 p.p.m. was fed to Japanese quail irom hatching for II weeks and caused gonadal atresia and reduced numbers of mating attempts (Thaxton and Parkhurst . 1973a ). In a 3-week study of mercury (II) 
RESULTS AND DISCUSSION
No gross signs of intoxication were observed for Japanese quail fed mercuric chloride from hatching to I year of age . Mortality averaged k" than 7'4· during hruuding in huth studies . There was no apparent relationship between deaths and treatment. After brooding (i .e., 3rd week), 6 of 160 birds died during Experiment I and 9 of 70 during Experiment 2. Birds that died in Experiment 2 were from all treatments and most were over 6 months old . Accidental strangulation by defective feeder guards was the principal cause of death. Feed coasumption. growth , and weight maintenance were not affected by any of the treatments .
Hen maturation rates appeared to be correlated with the level of dietary mercuric chloride in both studies (Table I) . In Experiment I, hens fed 8 p.p.m . Hg were younger on the average at first oviposition than the controls ( P < 0.05) or hens fed lower levels of mercuric chloride (P < 0.01). Median and mean ages at first oviposition were related to the concentration of mercuric chloride as follows: 8 p.p.m. Hg < 4 p.p.m . Hg < 2 p.p.m . Hg. Because there were 3 hens in each pen , only the first egg in a pen was Means with letter A differ statistically from a (P < 0.05) and aa (P < 0.01) within a given column.
, Eggs per hen-day arc derived by dividing total eggs laid per pen by total hen-days (days x hens) from first oviposition to 63 days of age or from 64 to 123 days of age. definitely a puberty egg; therefore , pubert y ages were assigned to the two remaining hens in a pen by the date that 2 or 3 eggs first a ppeared in their pen simulta neo usly . The estimated puberty ages of these latt er he ns may be slightly exaggerated because so me puberty eggs were probably laid whil e a no the r hen was pausing between clutches . In Experiment 2 median and mean puberty ages were again younger as the concentration of mercury increased. Comparison of control birds between the experiments showed the median age at puberty was 2 days younger in Experiment 2 than in Experiment I . In contrast .
hens fed 8 p .p.m. Hg in Experiment 2 were 5 days older than in Experiment I. Overall, hens fed 32 p .p.m. Hg were youngest at first o vipos ition .
• The highest rates of egg production were consistently by hens fed mercuric chloride (Tables 2 and 3 ). Usually increased production was positively correlated with increased levels of mercury. The differences were most pronounced during adolescence [period from sexual maturity (puberty egg) to physical maturity (full growth. =9 weeks of age)].
In Experiment I the rate during adolescence was greatest (P < 0.05 or P < 0.01) for hens Means with letter B approach statistical difference from b (0.05 < P < 0.10).
' Samples containing fewer than 7 fertile eggs are omitted from hatchability computations. Means with letter A differ statistically from a (P < 0.05) within a given column; letter B approaches statistical significance from b (0.05 < P < 0. 10). .., os::;oso"'o~ ., 8.
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... "' "' s ... cu ~~~~~~~)( · cii :;l;t.t.l:;l;t.t.l~t.t.l:;l;t.t.l cii storage and incubation facilities were the same for both studies, duration of egg storage probably contributed to the differences in hatchability. In Experiment I maximum storage was 10 days prc-incuhatiun am! in Experiment 2 il was 14 days. Mirosh and Becker ( 1974) report that best results are obtained with Japanese quail eggs stored for I week or less. This has also been shown for domestic fowl (Landauer. 1%7).
Because egg fertilization decreased with increased levels of mercuric chloride in Experiment I, embryonation was checked for all eggs laid through 108 days of age in Experiment 2. Table 6 shows in.:reased levels of mercury were associated with depressed egg fertilization for pairs fed 8 and 32 p.p.m. Hg. The depression was most pronounced during adolescence . At that time egg fertilization for hens fed 32 p.p .m. Hg was 62.8% below that of the controls (P < 0.05). Fertilily then increased for all treatments between 64 and 78 days of age. Thereafter, only the fertility of conlrol eggs remained high (>85%) and that for mercury-treated groups decreased linearly. The depression in fertil 1 ity was severe between 94 and 108 days of age.
Hatchlings per hen-day. representing total reproductiveness. were not statistically separable among treatments during either experiment (Table 7) . That differences were not separable is important because it demonstrates that the positive influence of mercuric chloride on egg production was offset by reduced egg fertilization . The groups fed 4 p.p.m. Hg during Experiment I were an exception to this counterbalance . They averaged about 19.5% more hatchlings per hen-day than any other group, including controls. In Experiment 2 hatchling production was essentially the same for all mercury treatments. Again, this was because egg production was positively related to the level of mercury, and egg fertility was negatively related. Controls in Experiment 2 averaged 20.5% more hatchlings per hen-day than the 1456 E. F. HI LL AND c. s. SH AFFNER -, : -: So-t-at. , . .is -ti _c_ s_a-re --ba _s_ e..,--do_n_,i -n. . . , . di, . . .v. , . .id _u_al "' ly -hou~-~~ he ns. Coefficient of determination (r 2 ) is derived from regression analysis of the weight (y) of the \st. 5th . and 10th egg on the age of the hen (X) when the egg was laid. Statistical significance is for r (* P < 0.05 , .. p < 0.01).
Extremes Mean 94 days old Extremes
'Means with letter A differ statistically from a (P < 0.05) and aa with (P < 0.01) within a given row and C from c (P < 0.05); letter B approaches statistical significance from b (0.05 < P < 0.01). mercury -treated birds. Eggs were weighed during E xperime nt 2 to determine if their sizes were influe m:ed by early la ying. Weights of the first (pube rt y). fifth, and tenth eggs laid and those laid a t 64. 75, 94, and 109 days of age are shown in Table 8 . Puberty eggs tended to be lighter as the mercury level increased . The rela tionship was linear . The linearity between pube rt y egg weight s a nd mercury levels was not evident by the fifth egg, but the eggs of co ntro l birds a nd those of hens on 8 p .p .m. Hg were clearly hea vier than the eggs of he ns o n 16 a nd 32 p .p .m. Hg. Beyond 79 days of age . hens o n all merc ury diets were laying sim ila rl y sized eggs which averaged a bout 7% li ght er than control eggs . By 109 days of age, the differences between egg weights for control hens were statistically separable from all merc uric chloride trea tments .
Marked correlation between egg size and age occurred during adolescence for the ear· liest layers (16and 32 p .p .m . Hg), as indicated by significant coefficients of determination.' ( r 2 ) of 61 to 88%. By the tenth egg, r 2 no lo nger significa nt fo r 16 and 32 p .p .m. Hg trea ted birds , but their eggs remained significantly lighter (P < 0.05) than eggs . The persistenc y with which light were laid by hens fed mercury was due to their high rate of laying.
Egg shell thickne ss was not changed s icantly by mercuric chloride in either study , nor was there consistent ·evidence of any dose-response relationship ( Table 9 ). The maximum difference in thickness between eggshells from controls and hens fed mercury was 6.1%. Stoewsand et a/. (1971) reported statistically significant egg shell thinning (x '"8.1%) for 8-to 10-week-old Japanese quail after being fed mercuric chloride (8 p .p .m. Hg) from hatching. Our studies did not confirm their findings (cf. 64 days of age).
We have shown that Japa nese quail repro-' duction can be influenced by mercuric chlo-" when fed ad libitum from hatching at low (4-32 p .p .m. Hg) concentrations. The effects, most pronounced through adulthood , were contradictory : some stimulatory (onset and rate ,.of oviposiothers were depressive (egg size, fertil-' and hatchability).
. The general reproductive res ponses of Japquail to mercuric chloride were related concentration as follows: 2 p .p.m. generally comparable to controls ; 4 p .p.m. Hg, generally stimulatory ; and 8 to 32 p .p.m. Hg. significantly stimulatory or significantly depressive with one effect counterbalancing the other.
Net reproductivity (healthy hatchlings/ hen-day) is the result of ultimate concern. It integrates all events from ovulation to production of viable progeny. With this in mind, it appears that mercuric chloride was both helpful and harmful. Positive influences were associated with 4 p .p.m. Hg because at that concentration no toxic signs were observed in the parent colony, the rate of egg production was high, egg fertility was excellent, and normal hatchability followed . Because no medicament was incorporated into the diet (to avoid possible potentiation), and because mercuric chloride has bacteriostatic and fungicidal activity (Esplin, 1970) , it is possible that 4 p.p .m. Hg provided an effective antibiotic action, thereby enhancing the health of the birds. However, it is also well-known that small doses of certain highly toxic compounds can be stimu-Jatory or even essential to an organism's survival, e.g., selenium . The concept of stimulation by small doses has been discussed extensively by Townsend and Luckey ( 1960) , Smyth (1967), and Dinman (1972) .
Depressed net reproductivity was associated with 8 to 32 p.p.m. Hg, even though egg production was stimulated . Inability to fertilize eggs was the principal deleterious event associated with the depression. Because unrestricted natural breeding was allowed and hatchability of fertilized eggs was unaffected, it is likely that the principal harmful effect of mercuric chloride was interference with spermatogenesis, sperm survival, or mating behavior. These parameters were not me asured, but no testicular anomalies were seen during necropsy .
